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I.  PURPOSE 


The  purpose  of  this  research  and  development  contract  is  the 
study  of  the  electrochemistry  involved  in  the  use  of  magnesium  as 
an  anode  in  primary  battery  systems.  The  studies  are  a  continua¬ 
tion  of  investigations  initiated  under  Signal  Corps  Contract  No. 
DA?6-039-SC-88912. 


II .  ABSTRACT 

Conflicting  evidence  was  obtained  as  to  whether  or  not  the 
spontaneous  corrosion  of  magnesium  was  enhanced  by  impressed 
anodic  current.  The  apparent  wasteful  corrosion  reaction  of 
magnesium  could  be  eliminated  by  increasing  the  electrode 
potential  with  magnesium  chloride  and  perchlorate  electrolytes. 
Low  drain  continuous  service  of  magnesium  dry  cells  was  improved 
by  the  use  of  mixed  acetate-perchlorate  electrolytes. 


Ill .  CONFERENCES 

On  28  November  1962,  Mr.  J.  L.  Robinson  of  The  Dow  Metal 
Products  Company  visited  the  U.  S.  Army  Electronics  Research 
and  Development  Laboratory,  Fort  Monmouth,  New  Jersey,  to  dis¬ 
cuss  the  progress  of  this  contract.  Messrs.  D.  Wood,  J.  Murphy, 
J.  Hovendon,  and  Dr.  E.  Baars  represented  the  Signal  Corps. 


IV.  DATA  AND  DISCUSSION 
A.  Anode  Efficiency  and  Potential  Behaviors 
1.  General  Background 

Three  of  the  phenomena  observed  with  magnesium  anodes  in 
aqueous  environments  are: 

(a)  The  open  circuit  corrosion  potential  is  more  than 
a  volt  passive  to  the  theoretical  value  for  divalent  ion  forma¬ 
tion.  Further,  the  steady  state  working  potential  usually  is  in¬ 
sensitive  to  several  hundred  fold  increases  in  applied  ancdic 
current . 

(b)  The  apparent  wasteful  corrosion  of  a  magnesium 
anode  increases  with  increasing  applied  current.  The  end  product 
of  the  corrosion  reaction  is  hydrogen.  This  behavior  is  generally 
called  the  "Negative  Difference  Effect". 

(c)  Anodic  potential  transients  are  observed  upon  in¬ 
creasing  or  decreasing  the  current.  The  transient  with  increas¬ 
ing  current  results  in  the  so  called  "delayed  action"  of  magnesium 
dry  cells. 

There  have  been  various  explanations  for  the  above 
phenomena.  The  view  subscribed  to  by  this  laboratory  is  that  all 
of  these  behaviors  are  the  result  of  the  protective  magnesium 
hydroxide  film  on  the  electrode  and  processes  which  tend  to  damage 
or  repair  this  film.  On  open  circuit  only  a  fraction  of  the 
electrode  surface  is  active.  The  active  area  results  from  defects, 
undefined,  in  the  magnesium  hydroxide  film.  The  measures  working 
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potential  is  a  mixed  potential,  as  described  by  Petrocelli,1  of 

the  anodic  reaction  Mg— ►  Mg^+Pe  and  the  cathodic  reaction 

2H20+2e  — >Ha+2(0H)~.  The  potential  of  magnesium  is  sufficiently 

active  to  assume  that  the  above  cathodic  reaction  should  occur 

directly  on  the  exposed  or  active  area  of  the  electrode,  as  well 

as  at  discrete  low  overvoltage  impurity  sites.  The  magnesium 

hydroxide  protective  film  tends  to  breakdown  with  increasing 

anodic  current  producing  additional  active  area.  The  film 

breakdown  results  from  build-up  in  concentration  of  a  soluble 

p 

magnesium  salt  at  the  interface  which  by  buffering  Increases 
the  acidity  at  this  site.  The  effective  current  density,  and 
thereby  the  potential,  changes  very  little  over  a  wide  range  of 
anodic  current  because  of  the  creation  of  the  additional  active 
area.  Correspondingly,  the  increased  area  with  increasing  anodic 
drain  results  in  additional  surface  for  the  cathodic  reaction  and 
hence  results  in  the  Increase  in  the  wasteful  corrosion  rate.  The 
anodic  voltage  transients  follow  naturally  since  the  establishment 
of  steady  film  breakdown  and  repair  rate  is  not  instantaneous. 

One  should  be  able  to  predict  or  reconcile  specific  anodic  be¬ 
haviors  with  the  above  general  concepts  if  they  are  correct. 

2.  Effect  of  Discharge  Cycle  On  The  Wasteful  Corrosion  Rate 
As  measured  by  either  weight  loss  or  hydrogen  evolution, 
the  apparent  wasteful  corrosion  rate  associated  with  the  continuous 
application  of  50  milliamperes  per  square  inch  of  anodic  current 
is  several  orders  of  magnitude  greater  than  the  open  circuit  rate. 
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In  accordance  with  the  above  behavior  picture  of  film  breakdown 
thi3  higher  corrosion  rate  should  be  maintained  at  the  instant  of 
removal  of  the  applied  current  and  should  decrease  with  time  to¬ 
wards  the  steady  open  circuit  value  as  the  film  repairs.  Such 
behavior  is  pictured  in  Figure  1.  If  this  is  correct,  the  total 
weight  loss  associated  with  the  passage  of  a  given  number  of 
coulombs  should  be  larger  if  the  current  i3  passed  intermittently 
rather  than  continuously;  The  increase  in  the  weight  loss  should 
be  a  direct  measure  of  the  average  corrosion  rate  during  the  open 
circuit  portion  of  the  discharge  cycle .  The  shorter  the  open  cir¬ 
cuit  period  the  greater  the  average  open  circuit  corrosion  rate. 
Figure  1.  However,  Kokoulina  and  Kabanov^  found  no  apparent 
increase  in  the  total  hydrogen  evolved  from  a  magnesium  anode  when 
various  values  of  current  were  passed  intermittently  rather  than 
continuously.  This  observation  would  not  be  totally  unexpected 
with  the  conditions  of  their  experiments.  They  used  current  pulse 
frequencies  ranging  from  6. to  10,000  per  second.  The  minimum  pulse 
rate  of  six  per  Second  does  not  allow  sufficient  discharge  time  to 
build-up  the  magnesium  ion  concentration  at  the  interface  to  the 
levels  needed  “for  the.  film  breakdown  process.  This  opinion  is 
supported  by  the  observation  that  ,0.2  seconds  or  more  are  needed 
to  complete  the  anodic  voltage  transient  associated  with  an  increase 
in  current  density  . 

•:  The  results  of  an  investigation  with  AZ21X1  anodes  and 
varying  concentrations  of  MgCls,  Mg(Ac)2,  and  Mg(C104)2  electrolytes 
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were  shown  in  Report  No.  1.  The  anodes  were  corroded  at  an  anodic 
current  density  of  approximately  50  milliamperes  per  square  inch. 

The  current  was  applied  continuously  and  with  various  intermittent 
discharge  cycles  of  equal  on  and  off  periods.  The  total  discharge 
time  was  eight  hours  and  the  total  test  time  was  sixteen  hours  with 
the  intermittent  discharges.  The  average  wasteful  corrosion  currents 
for  the  discharge  and  open  circuit  periods  were  calculated  from 
measured  weight  losses.  Report  No.  1  gives  details  of  the  calcula¬ 
tions.  The  experiment  was  repeated  here  since  some  of  the  original 
results  were  unexpected.  The  anode  area  was  increased  from  the 
standard  one  square  inch  to  three  square  inches  for  the  repeat 
test,  but  the  current  density  remained  at  50  milliamperes  per  square 
inch.  The  data  obtained  were  comparable  to  those  of  the  previous 
test.  As  expected  the  apparent  wasteful  corrosion  current  de¬ 
creased  uniformly  with  increasing  time  for  the  open  circuit  period 
with  Mg(Ac)a  electrolytes.  Table  I  and  Figure  2.  It  was  shown. 

Report  No.  1,  that  the  wasteful  weight  loss  associated  with  the 
passage  of  a  unit  of  current  decreases  slightly  during  the  first 
15  to  20  minutes  of  discharge.  This  would  result  in  an  error  in 
the  calculated  corrosion  currents  which  would  tend  to  make  the 
open  circuit  rates  on  the  5  and  10  minute  cycles  higher  than  the 
closed  circuit  rate  as  observed  for  some  of  the  acetate  electro¬ 
lytes,  Table  I. 

The  data  with  the  perchlorate  electrolytes  were  so  erratic 
that  no  attempt  was  made  to  analyze  them.  Table  I.  The  data  for 
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the  six  normal  concentration  of  this  electrolyte  can  be  completely 
ignored  as  the  corrosion  was  intergranular  and  metal  spalling 
occurred. 

The  data  for  the  MgCla  electrolytes,  while  reasonably 
consistent  and  reproducible,  are  difficult  to  explain.  Table  I. 
There  is  a  possible  error,  discussed  below,  which  could  move  the 
apparent  negative  values  of  average  corrosion  rates  to  small  posi¬ 
tive  values.  However,  low  values  for  the  corrosion  rates  with 
the  short  open  circuit  periods,  even  if  positive,  are  not  consist¬ 
ent  with  the  visual  observation  that  copious  quantities  of  hydro¬ 
gen  are  being  evolved  for  an  appreciable  period  after  interruption 
of  the  circuit.  The  passage  of  the  apparent  corrosion  rate  through 
a  maximum  in  the  region  of  15  to  20  minutes  with  increasing  open 
circuit  time  is  also  puzzling.  That  the  continuing  hydrogen 
evolution  on  current  interruption  is  the  result  of  oxidation  by 
water  of  a  product  of  the  primary  anodic  reaction  can  not  be  ruled 
out.  Such  a  reaction  product  would  probably  have  to  form  as  a 
layer  on  the  anode  since  the  evidence  is  for  appreciable  life  and 
little  or  no  migration  from  the  surface.  However,  it  is  difficult 
for  us  to  believe  that  this  hydrogen  evolution  is  not  the  result 
of  the  spontaneous  corrosion  of  magnesium  enhanced  by  applied  cur¬ 
rent  because  of  film  damage.  In  view  of  this  it  is  proposed  to 
carry  out  a  few  tests  wherein  the  hydrogen  evolution  rates  are 
directly  measured.  This  will  allow  the  establishment  with  greater 
certainty  as  to  whether  or  not  reasonable  steady  state  conditions 
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occur  in  the  five  and  ten  minute  discharge  periods. 

An  indication  was  obtained  that  the  film  on  magnesium 
ages  and  becomes  more  protective  with  exposure  time  to  MgCla 
electrolyte.  Two  procedures  were  utilized  to  study  the  effect 
of  discharge  time  on  anode  efficiency.  First,  the  standard  pro¬ 
cedure  of  applying  the  current  immediately  after  immersion  of  the 
anode  in  the  electrolyte,  measuring  the  weight  losses  after  pas¬ 
sage  of  various  amounts  of  current,  and  calculating  anode  ef¬ 
ficiencies.  The  second  method  differed  only  in  that  the  anode 
was  left  on  open  circuit  sixteen  hours  prior  to  applying  the 
current.  The  average  weight  losses  for  the  open  circuit  time 
were  obtained  by  corrosion  tests.  Table  II,  and  subtracted  from 
the  total  weight  losses  prior  to  efficiency  calculations.  It  is 
Interesting  to  note  that  higher  corrosion  rates  were  obtained  with 
a  weak  bright  pickle  surface.  Table  II.  Irrespective  of  the  anode 
state,  the  efficiency  was  significantly  higher  and  affected  less 
by  discharge  time  when  soaked  the  sixteen  hours.  The  total  weight 
loss  was  dominated  by  the  open  circuit  weight  loss  for  discharge 
times  of  ten  minutes  or  less.  Variation  in  this  open  circuit 
weight  loss  accounts  for  the  scatter  in  the  efficiency  values. 
Acceleration  of  this  film  aging  by  intermittent  discharge  could 
partially  account  for  the  higher  anode  efficiencies  measured  with 
intezroittent  discharge  as  opposed  to  continuous  discharge  with 
MgCl2  electrolytes.  Table  I. 

3 .  Steady  State  Potential  Behavior 

Only  potentiostatlc  measurements,  as  outlined  in  Report 
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No.  1,  were  employed  for  the  subsequent  anodic  polarization  curves. 
The  reported  potentials  are  referred  to  the  saturated  calomel 
electrode.  In  all  tests  the  0.03  centimeter  diameter  reference 
bridge  tip  was  positioned  initially  0.19  centimeters  from  the 
electrode  face.  Resistivities  of  the  electrolytes  at  70F  are 
given  in  Report  No.  1.  Except  where  noted,  the  reported  potentials 
were  not  corrected  for  the  IR  drop  between  the  electrode  and  bridge 
tip  since  accurate  values  could  not  be  estimated  becau'  i  of  high 
currents  and/or  temperatures  encountered.  Copper  coulometers  were 
employed  to  obtain  the  average  applied  current  but  the  current  was 
also  followed  by  recording  the  potential  drop  over  a  known  resist¬ 
ance.  Average  currents  calculated  by  the  two  methods  agreed  within 
one  per  cent.  The  total  apparent  anodic  current  was  obtained  by 
weight  loss  measurements.  The  apparent  average  corrosion  current 
was  obtained  by  subtracting  the  average  applied  current  from  the 
apparent  total  flow. 

Complete  data  are  listed  in  Tables  IV  to  VIII  for  the 
following  systems  respectively:  AZ21X1  anodes  with  8  N  MgCl2, 

6  N  Mg(C10*)2>  6  N  Mg(Ac)a,  and  4  N  Mg(Ac)a  electrolytes,  and  pure 
magnesium  anodes  with  6  N  Mg(Ac)a  electrolyte.  Figures  3  through 
12  are  curves  showing  the  relationship  between  the  potential  and 
the  average  applied  and  corrosion  currents  for  these  systems. 

In  no  case  was  there  evidence  of  oxygen  evolution  at  the 
anode  even  though  the  measured  potential  was  Increased  (passive 
direction)  to  the  region  of  five  volts  for  all  systems.  Thus,  it 
is  obvious  that  the  listed  controlled  potentials  can  be  far  removed 
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from  the  actual  potential  of  the  electrode  surface.  However,  it 
was  also  evident  that  changes  in  the  controlled  potential  did 
effect  a  change  in  the  electrode  surface.  The  magnitudes  of  the 
applied  and/or  corrosion  currents  continued  to  depend  upon  the 
potential  up  to  the  five  volts  with  the  chloride  and  the  perchlorate 
electrolytes.  Figures  3,  5,  and  6.  Regions  where  the  potential 
increased  independently  of  the  applied  and  corrosion  currents  were 
observed  with  acetate  electrolytes.  Figures  7  through  12,  but 
marked  progressive  changes  in  the  corrosion  pattern  occurred  in 
these  regions.  Figure  13  shows  the  change  in  the  corrosion  from 
a  highly  uniform  to  a  well  developed  cellular  pattern  as  the  poten¬ 
tial  was  increased  from  -1.0  to  +3*80  volts.  The  cellular  struc¬ 
ture  was  independent  of  the  grain  structure  of  the  electrode. 

Changes  in  the  corrosion  pattern  were  also  observed  with  chloride 
and  perchlorate  electrolytes.  With  these  latter  electrolytes  the 
surface  appearance  changed  from  smooth  but  matte  to  smooth  and 
bright  (electropolish)  to  bright  plus  parallel  grooves  as  the 
potential  was  increased.  The  grooves  were  not  caused  by  gas  er- 
rosion  since  they  appeared  after  gas  evolution  ceased  as  discussed 
below.  In  all  cases  the  changes  in  the  corrosion  patterns  appeared 
to  initiate  at  a  potential  where  a  maximum  in  the  applied  current 
was  reached.  Figures  3,  5>  7*  9,  and  11. 

In  general,  the  observed  relationships  between  potential 
and  currents  conformed  to  the  anode  behavior  being  governed  by  a 
protective  film.  To  move  the  potential  in  the  positive  direction 
the  anodic  reaction  has  to  be  Increased.  This  was  done  by  applying 
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current.  Film  damage  and  increased  active  area  are  associated 
with  the  increased  anodic  reaction  in  the  fashion  discussed  above. 
The  rate  of  the  cathodic  reaction,  the  wasteful  corrosion  reaction, 
per  unit  active  area,  should  decrease  with  increasing  potential. 

The  initial  increase  in  the  total  corrosion  current  with  increasing 
potential  indicates  that  the  increase  in  the  active  area  more  than 
offsets  any  decrease  in  the  intensity  of  the  corrosion  reaction. 

The  corrosion  current  actually  passed  through  a  maximum  and  dropped 
to  zero  as  expected  with  the  chloride  and  perchlorate  electrolytes. 
Figures  4  and  6.  That  the  corrosion  reaction  actually  ceased  with 
these  electrolytes  was  indicated  by  a  lack  of  visible  gas  evolu¬ 
tion.  Measured  anode  efficiencies  approaching  100#  were  actually 
obtained  with  the  chloride  electrolyte.  Table  IV.  With  the  chloride 
electrolyte  the  visible  gas  evolution  ceased  after  a  short  time  at 
a  measured  potential  of  zero.  This  is  not  far  removed  from  the 
potential  region  of  a  minus  0.5  to  minus  0.7  volts  where  the 
cathode  reaction  might  be  expected  to  stop  if  this  reaction  were 
the  reduction  of  water.  The  observation  that  corrosion  current 
with  6  normal  Mg(Ac)2  reaches  but  does  not  pass  through  a  maximum 
with  increasing  potential  can  not  be  explained  at  this  time. 

Figures  8  and  12.  There  was  an  indication  with  the  4  N  Mg(Ac)2 
electrolyte.  Figure  10,  that  the  same  behavior  as  observed  with 
chloride  electrolyte  might  be  obtained  with  lower  Mg(Ac)2  concen¬ 
trations.  This  will  be  further  explored  with  a  two  normal 
electrolyte. 
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With  all  systems,  except  perchlorate,  there  was  a  region 
where  the  potential  changed  independent  of  the  applied  current. 
Figures  3,  5,  7,  9,  and  11.  That  these  regions  do  not  represent 
concentration  polarization  is  indicated  by  the  maxima  in  the  cur¬ 
rent,  Figures  3,  5,  and  9,  and  the  order  of  magnitude  increases  in 
the  current  obtained  by  changing  anode  composition  with  6  N  Mg(Ac)a 
electrolyte,  Figures  7  and  11.  This  leaves  as  the  likely  cause, 
the  formation  at  the  anode  surface  of  a  film  which  is  a  potent 
barrier  to  the  charge  transfer  step.  If  the  film  were  stable  it 
would  be  expected  to  grow  and  a  corresponding  decrease  in  current 
should  be  observed  with  time  at  a  given  potential.  While  there 
was  very  little  evidence  of  such  film  growth,  based  on  comparison 
of  the  final  and  average  applied  currents  in  the  tables,  such 
growth  could  have  been  masked  by  the  increasing  temperature  of 
bulk  electrolytes.  (See  final  temperatures.  Tables  IV  through 
VIII.)  Further  evidence  of  the  lack  of  stability  of  the  film  is 
the  recoveries  of  the  potentials  from  the  plus  five  volts  to 
active  values  on  removal  of  the  applied  current.  A  relatively 
slow  recovery  with  a  break  in  the  curve  at  the  potential  at  which 
the  film  first  forms  might  be  expected  with  a  reasonably  stable 
film.  With  AZ21X1  anodes  and  the  chloride  and  the  acetate  elec¬ 
trolytes,  the  potential  recovered  in  less  than  0.02  seconds  from  a 
plus  five  volts  to  the  original  open  circuit  potential  value.  In 
less  than  0.1  second  the  potential  reached  a  value  of  a  minus  1.80 
volts  which  was  considerably  more  active  than  the  original  open 
circuit  value.  Figure  14.  There  was  no  sign  of  breaks  in  the 
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In  the  curves.  Several  minutes  were  required  for  the  potentials 

to  increase  from  the  minus  1.80  volts  to  the  region  of  the  original 

open  circuit  value.  This  is  substantially  the  behavior  observed 

in  all  systems  upon  removal  of  an  applied  anodic  current  from  mag- 

2 

nesium  when  the  potential  is  in  the  active  region  . 

A  much  different  behavior  was  observed  with  AZ21X1  anodes 
with  the  perchlorate  electrolyte  and  pure  magnesium  anodes  with 
the  acetate  electrolyte.  With  these  systems  the  potential  did  not 
become  more  active  than  the  original  potential,  but  rather  ap¬ 
proached  within  0.1  of  a  volt  of  the  steady  state  value  in  less 
than  0.01  seconds  after  which  it  slowly  approached  the  apparent 
rest  potential  in  a  cyclic  fashion.  This  behavior  is  shown  in 
Figure  15.  No  interpretation  of  the  recovery  curves  has  been  made 
other  than  they  do  not  represent  behavior  expected  from  a  stable 
film. 

The  high  currents  encountered  and  the  lack  of  temperature 
control  of  the  bulk  electrolyte  has  made  it  difficult  to  interpret 
the  potentlostatic  anodic  polarization  curves.  The  high  currents 
rule  out  any  estimate  of  the  actual  electrode  surface  potential. 

The  increasing  temperature  throws  doubt  on  any  apparent  relation¬ 
ship  between  the  applied  current  and  potential  in  regions  where 
the  potential  appears  to  move  independently.  Much  lower  currents 
and  better  temperature  control  should  be  obtained  if  the  tests 
were  carried  out  at  lower  temperatures.  This  will  be  explored. 

4.  Transient  Potential  Behavior 

Some  work  in  the  area  of  the  transient  behavior  has  been 
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carried  out.  Some  of  the  early  results  had  to  be  discarded  when 
it  was  discovered  that  the  electrolyte  solution  being  used  had 
become  contaminated.  Recent  results  will  be  reported  in  the  next 
report  since  there  are  not  sufficient  data  to  present  any  reason¬ 
ably  consistent  picture.  The  major  effort  of  the  next  quarter  is 
planned  for  this  area. 

B.  Dry  Cell  Data 

It  was  previously  reported.  Report  Ho.  1,  that  the  performance 
of  magnesium  dry  cells  could  be  improved  by  using  a  mixed  electro¬ 
lyte  of  magnesium  acetate  and  magnesium  perchlorate.  The  improve¬ 
ment  was  mainly  observed  at  a  low  drain,  180  ohms,  continuous 
discharge  of  steel  Jacketed,  "D"  slise  cells.  The  total  concentra¬ 
tion  of  the  electrolytes  was  three  normal.  Comparable  results 
have  now  been  obtained  at  total  electrolyte  concentrations  of  one, 
two,  and  four  normals.  Tables  IX,  X,  and  XI,  respectively. 

Only  a  limited  number  of  dry  cells  are  planned  for  future 

work.  The  purpose  of  these  cells  will  be  to  evaluate  salts  of 

aromatic  acids  as  electrolytes.  In  wet  cells  anode  efficiencies 

4 

in  excess  of  95 %  have  been  obtained  with  such  electrolytes  . 
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V.  CONCLUSIONS 


A  firm  conclusion  as  to  whether  or  not  the  spontaneous  cor¬ 
rosion  of  magnesium  is  enhanced  by  applied  anodic  current  can  not 
be  made  with  the  conflicting  evidence  at  hand. 

The  anodic  polarization  of  magnesium  is  at  least  partially 
film  controlled. 

The  performance  of  magnesium  dry  cells  at  light  continuous 
drains  can  be  improved  by  the  use  of  a  mixed  electrolyte  of  mag¬ 
nesium  acetate  and  magnesium  perchlorate. 
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VI.  TENTATIVE  PROGRAM,  THIRD  QUARTER 

The  main  emphasis  will  be  on  the  investigation  of  the  anodic 
transient  potential  behavior. 

Some  hydrogen  evolution  measurements  to  determine  steady  state 
conditions  with  magnesium  anodes  operating  in  chloride  electrolytes 
are  planned. 

A  few  low  temperature  anodic  polarization  curves  will  be 


determined 
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EFFECT  OF  DISCHARGE  CYCLE  ON  PARASITIC  CORROSION  RATE 

AZ2IXI  ANODES,  3.2  SQ.  INCHES  »  50  MA/  IN2  ,  TOTAL  CURRENT  -  24  AMPERE  MIN./  IN2 
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Commanding  Officer 

U.S.A.  Electronics  Research  and 


Development  Laboratory 
Port  Monmouth,  New  Jersey 
ATTN:  Logistics  Division 
(MARKED  FOR  PROJECT 
ENGINEER) 

ATTN:  SELRA/P 

ATTN:  Dir  of  Research/Engineering 
ATTN:  Pile  Unit  #1 
ATTN:  Technical  Document  Center 
ATTN:  Technical  Information  Div. 


(UNCLASSIFIED  REPORTS  ONLY 
FOR  RETRANSMITTAL"^ - 


ACCREDITED  BRITISH  AND 
CANADIAN  GOVERNMENT 
REPRESENTATIVES )  ( 3 ) 


OASD  (R&D),  Rm  3EIO65 
ATTN :  Technical  Library 
The  Pentagon 

Washington  25,  D.C.  (1) 


Chief  of  Research  and  Development 
OCS,  Department  of  the  Amy 
Washington  25,  D.C.  (1) 

Commanding  General 
U.S.A.  Electronics  Command 
ATTN:  AMSEL-AD 

Port  Monmouth,  N.J.  (1) 

Director 

U.S.  Naval  Research  Laboratory 
ATTN:  Code  2027 

Washington  25,  D.C.  (l) 


Commanding  Officer  &  Director 
U.S.  Naval  Electronics  Laboratory 
San  Diego  52,  California  (1) 

Air  Force  Cambridge  Research 
Laboratories 
ATTN:  CRZC 
L.  G.  Hanscom  Field 
Bedford,  Massachusetts  (1) 


Rome  Air  Development  Center 
ATTN:  RAALD 

Oriffies  Air  Force  Base,  New  York  (1) 

Commanding  Officer 

Harry  Diamond  Laboratories 

ATTN:  Library,  Room  211,  Bldg.  92 

Connecticut  Ave.  &  Van  Ness  St.,  N.W. 

Washington  25,  D.C.  (1) 

Commanding  Officer 
U.S.A.  Electronics  Material  Support 
Agency 

ATTN:  SELMS-ADJ 

Port  Monmouth,  New  Jersey  (1) 

Deputy  President 

U.S.A.  Security  Agency  Board 

Arlington  Hall  Station 

Arlington  12,  Virginia  (1) 

Commander 

Armed  Services  Technical  Information 
Agency 
ATTN:  TISIA 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Chief 

U.S.A.  Security  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Commander 

Aeronautical  Systems  Division 
ATTN:  ASAPRL 

Wright -Patterson  Air  Force  Base 
Ohio  (1) 

Air  Force  Cambridge  Research  Laboratories 
ATTN:  CRXL-R 
L.  0.  Hanscom  Field 

Bedford,  Massachusetts  (1) 
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Headquarters 

U.S.  Army  Materiel  Command 
Research  &  Development  Directorate 
ATTN:  AMCRD-DE-MO 

Washington  25,  D.C.  (1) 

Commanding  General 

U.S. A.  Electronics  Command 

ATTN:  AMSEL-RE-A 

Port  Monmouth,  New  Jersey  (l) 

Commanding  General 

U.S. A.  Combat  Developments  Command 

ATTN:  CDCMR-E 

Port  Belvoir,  Virginia  (l) 

Power  Information  Center 
Moore  School  Building 
200  South  Thirty-Third  Street 
Philadelphia  4,  Pennsylvania  (1) 

Dr.  Sidney  J.  Magram 
Physical  Sciences  Division 
Army  Research  Office 
3045  Columbia  Pike 

Arlington,  Virginia  (1) 


Lt.  Col  George  H.  Ogbum,  Jr. 
Auxiliary  Power  Branch  (SNAP) 
Division  of  Reactor  Development 
U.S.  Atomic  Energy  Commission 
Washington  25,  D.C. 

Mr.  Walter  C.  Scott 
National  Aeronautics  &  Space 
Administration 
1520|  H  Street,  N.W. 

Washington  25,  D.C. 

Institute  for  Defense  Analysis 
1 666  Connecticut  Avenue,  N.W. 
Washington  25,  D.C. 

ATTN:  Dr.  Szego  &  Mr.  Hamilton 

Mallory  Battery  Company 

Tarrytown 

New  York 

ATTN:'  Mr.  J.  Dalfonso 

Burgess  Battery  Company 

Freeport  - 

Illinois 

ATTN:  Mr.  M.  Wilke 


(1) 


(1) 


(1) 


(1) 


Dr.  Ralph  Roberts 

Head,  Power  Branch 

Office  of  Naval  Research  (Code  429) 

Department  of  the  Navy 

Washington  25,  D.C.  (1) 

Mr.  Bernard  B.  Rosenbaum 
Bureau  of  Ships  (Code  340) 

Department  of  the  Navy 

Washington  25,  D.C.  (1) 

Mr.  George  W.  Sherman 
Aeronautical  Systems  Division 
ATTN:  ASRMPP 

Wright -Patterson  Air  Force  Base 
Ohio  (1) 


Union  Carbide  Consumer  Products  Co. 

Cleveland 

Ohio 

ATTN,:  Dr.  F.  Granger  (l) 

Electric  Storage  Battery  Company  * 

Ray-O-Vac  Division 

212  East  Washington  Avenue 

Madison  10,  Wisconsin 

ATTN:  Mr.  P.  Albert  (1) 

Radio  Corporation  of  America 

Somerville 

New  Jersey 

ATTN:  Dr.  0.  Lozier  (l) 


Dr.  John  M.  Huth 

Advanced  Research  Projects  Agency 
The  Pentagon,  Room  3E157 
Washington  25,  D.C.  (1) 
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American  Cyanamid  Company 

Research  Service  Department 

Bound  Brook,  New  Jersey 

ATTN:  Dr.  C.  Maresh  (1) 

Electrochimica  Corporation 

ll4o  O'Brien  Drive 

Menlo  Park,  California 

ATTN:  Dr.  M.  Eisenberg  (1) 

P.  R.  Mallory  &  Co.,  Inc. 

Technical  Service  Labs. 

Indianapolis  6,  Indiana 

ATTN:  H.  S.  Doty  (l) 


